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CHiPEfeR I - TRAESMISSIOH OF SOUKD 


Th.9 problem of transmitting sound by moans of an electric current 
resolves itself into finding some means of causing an electric current to vary 
in response to sound waves. We all know that sound consists of vibrations or 
waves travelling -outward in all directions from the source. If, then, we can 
find some device which will respond to these sound waves which can be linked to 
a source of electricity in such a way as to vary the flow of electrical current 
in response to these sound waves, we have mastered the fundamental scheme for 
transmitting sound by electricity. 


i , Jf 1 ®* 1 And 2 are dU ®« UB8 whlGh illustrate the disturbance which takes 

place in the air when a diaphragm vibrates. The circles in these figures represent 

fh!! m ?i eCU i es ? hich com P° s ® th ® air. As the surface of the diaphragm moves toward 
a molecules, they are pushed away, and as the surface moves away from the 
molecules they are drawn back toward it. The vibration of the diaphragm thus 
causes the molecules to move back and forth following the motion of the surface of 
e diaphragm. This motion of the molecules is passed on to the adjacent molecules 
which in turn pass it on to their adjacent molecules with the result that the 
disturbance travels radially away from its source. When the vibration occurs within 
a range of from about 30 to about 10000 times a second this motion of the molecules 
is called a sound wave. 
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When the foregoing procedure is reversed, that is, when a sound wave 
encounters a diaphragm, the diaphragm under proper circumstances will respond 
to the sound waves and be set in motion. When the molecules rush up against 
same other surface, they exert a force which tends to push it away, and when they 
retire from it they tend to draw it with than, and if the surface is free to move, 
it will be caused to vibrate in the same manner as the surface which produced the 
sound wave. Thus, a vibrating body can produce sound waves in the surrounding 
medium and, conversely, sound waves in the surrounding medium can cause a body to 
vibrate. It is plain that if the vibration of a body under the influence of sound 
waves can be transferred to a distant body, similar sound waves will be generated 
at the distant point and in effeot the sound will be transferred from one point tc 
another. This principle is employed in the telephone by causing the motion of a 
sensitive diaphragm in the transmitter to be transferred by electrical means to a 
diaphragm in a distant receiver. 


TERMINALS 


In Fig. 3 are illustrated the 
essential parts of the ordinary trans- 
mitter. These consist principally of a 
diaphragm two discs, cne of vfaich is 
attached to the diaphragn, the space 
between theta being filled with a quantity 
of carbon granules. An electric current 
is caused to flow from one disc to the 
other through the carbon granules by 
connecting a battery across the terminals. 

In Fig. 4 the operation of the 
transmitter is illustrated. When the 
diaphra#» is not in vibration, a steady 
electric current will flow in the circuit 
as indicated by the straight line at M A” 
in the figure. 

When a sound wave strikes the 

diaphragn it causes it to move back, . 

packing the carbon granules together more tightly. The carbon granules ng 
more tightly packed together, offer less resistance to the flow of electric 
current which correspondingly increases as shown at "£"• As the sound v»ve recedes 
the diaphragm moves in the opposite direction so that the carbon granules are more 
loosely packed, thus offering greater resistance to the flow of electric 
which correspondingly decreases as shown at “C". From the foregoing, it is apparent 
then that the electric current varies in response to the sound waves and is modeled 
in the likeness of the sound waves so that, figuratively speaking, the electrical 
waves" have the same shape as the "sound waves’* • 
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The actual con- 
struction of a transmitter 
Is shown in Fig. 5. The 
carbon granules referred to 
in Fig. 3 are contained in 
a chamber known as a "button" 
which is solidly fastened to 
a steel bridge. The two sur- 
faces of the chamber in the 
button are made of highly 
polished oarbon* the front 
one of which is attached to 
a mica disc in such a *»y 
that it is free to move under 
the influence of the dia- 
phragm which rests against 
the head of the button. 
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¥0 now have a means for varying an electric currant in response to 
sound waves and our next problem is to provide some device for reproducing the 
sound waves from the vaiying electric currents The method by which this is 
accomplished with an ordinary receiver will be described. 
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In Pig. 6 a transmitter and receiver are shown connected in series 
with a battery. In this figure one of the transmitter discs between which the 

carbon granules are located, is connected to a battery and the other side of 

the battery is connected to two coils known as electro-magnets, from which the 
circuit is completed to the other disc of the transmitter. The currant flowing 
in the ooils of the electro-magnet produces a magnetic effect in each coil 

which exerts a pull on the diaphragn of the receiver. This is exactly the same 

effect that is produced by the current flowing in the coils of a telegraph 
sounder shown in Pig. 7. 



££ &- . 1 

When the telegraph key is closed the circuit is completed, allowing 
a current to flow in the coils of the el ectro-ipagnet of the sounder which pro- 
duces a magnetic effect, pulling the armature of the sounder from point "B" to 
point "A” in the figure. . 
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In a receiver the el act ro -magnet exerts a pull upon the diaphragm 
in the same manner, the amount of pull varying in proportion tu the amount of 
the currant in the circuit. Thus, when the currant is greatest the diaphragm 
will he deflected farthest from the normal position and, as the current decreases, 
the diaphragm will tend to come bach to its normal position. In this way the 
receiver diaphragm vibrates in response to the fluctuations of the electric current. 

It should be noted that the electro-magnet exerts a pull upon the dia- 
phragm at all times although the amount of this pull varies as the current in- 
creases and decreases. In actual practice it is not convenient to connect two 
telephones as shown in Fig. 6, an induction coil being inserted between the trans- 
mitter and the receiver, as illustrated in Fig. 8. 
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This has the affect of allowing only the varying portion of the 
electric current to reach the receiver, that is, there is no continuous pull 
exerted on the receiver diaphragm by the electro-magnet. The varying current 
flows in the winding of the induction coil connected to the transmitter called 
the ’’primary 11 winding and this varies as previously described in connection with 
Fig. 6. So long as there is a steady current flowing in the primary winding, 
there is no effect on the other or "secondary" winding. Any change in the 
current through the primary winding, however, will produce a current in the 
secoMary winding. If the current In the primary winding is increasing, the 
current in the secondary winding will be in one direction, and when the primary 
currant decreases, the current in the secondary winding will be in the opposite 
direction. This currant in the secondary winding, which alternately reverses 
its direction with the increasing and decreasing of the currant In the primary 
winding, is known as "alternating current". An alternating current could be 
illustrated graphically by moving the zero line shown in Fig. 4 up to the line 
which denotes the amount of steady current flowing in the circuit as indicated 
at "A". This is illustrated in Fig. 9. 


.CHAPTER I (Continued) 



Inasmuch as there is no current in the electro-magnet coils of the 
receiver, except the alternating current, it is necessary to provide some 
means for exerting a pull upon the receiver diaphragm in order that this pull 
oan he made to fluctuate by the alternating current. For this purpose a per- 
manent magnet is used. This permanent magnet is merely a magnetized piece of 
steel bent so that the two ends come close together similar to a horseshoe 
magnet, as already illustrated in Fig. 8. 


You are all familiar with the fact that a horseshoe magnet will 
attract a piece of iron or steel. In exactly the same manner the permanent 
magnet of the receiver attracts the iron diaphragm of the receiver. The coils 
of the electro-magnet are so connected that when the alternating current is in 
one direction the pull of the electro-magnet is added to -he pull of the per- 
manent magnet, thus increasing the total pull exerted on the diaphragm. When 
the current reverses, the pull of the electro-magnet is opposing tne pull of 
the permanent magnet so that less pull is exerted on the receiver diaphra&n. 
Therefore, as the alternating current through the electro-magnet reverses its 
direction, the diaphragm is caused to move back and forth. 

The permanent magnet is required due to the fact that the electro- 
magnet exerts a pull on the diaphragm regardless of the direction in which the 
current is flowing: that is, it does not pull the diaphragm when the current 
is flowing in one direction and push the diaphragm when it is flowing in the 
opposite direction. This is illustrated graphically in Fig. 10. 



-current 


The receiver is shown with 
a single winding electro-magnet for 
the sake of simplicity, in one case 
with a soft iron core which has no 
magnetic effect but merely increases current 
the effect of the electro-magnet, and 
in the other case with a permanent 
magnet. The resultant sound wave S0UNL> 
originating in response to the re- 
ceiver having the permanent magnet 
confoims to the alternating current 

wave whereas the other does not. Inasmuch as the alternating current has the 
same shape as the variations in the direct current produced -by the transmitter, 
the receiver diaphragm will vibrate in- a similar manner to the vibrations of the 
transmitter diaphragm. 
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Fig. 10 
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In Fig. 11 is a diagram show- 
ing schematically the construction of 
a receiver, and in Fig. 12 is shown a 
cross section of a standard instrument 
with the essential parts clearly marked. 




CROSS SECTION OF RECEIVER 
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In order that two people m ay carry on a conversation over the telephone 
it is, of oonrse, necessary to transmit speech in both directions* this can very 
easily be accomplished by the proper combination of the transmitting and receiving 
devices we have already considered. Snoh an arrangwnent is shown in Fig* IS. 



SECONDARY U&Q.QQ.Q/ 



SECONDARY 



Fig. 13 


Bach transmitter has in series with it a battery and the primary of an 
induction ooll, the secondary windings of which are connected in series with the 
line and the two receivers. A sound wave varying the diaphra&n of one of the 
transmitters varies its resistance, thereby fluctuating the current, and these 
fluctuations create in the secondary of the induction ooil, an alternating currant 
which flows through the home receiver and the distant receiver in series. Che 
alternating current flowing through the home receiver repeats the spoken word and 
we recognize this as "side tone". Che same current flows through the distant 
receiver thereby accomplishing sound transmission. Transmission in the opposite 
direction takes place in the same way when a subscriber speaks into the transmitter 
at the other end of the line. Suoh a scheme is seldom used in actual practioe 
except in very small telephone systems or for rural subscribers. The more common 
arrangement enploys a battery located in the central office to supply all sub- 
scribers instead of having a battery in each telephone. 

The circuit of a subscriber's telephone for use with a battery located 
in the central offioe, or oonmon battery, as it is called, is somewhat different 
from the circuit we have Just considered. The fundamental arrangement for a 
single line is shown in Fig. 14. This circuit contains a new pieoe of apparatus 
that we have not previously considered which is the condenser. A condenser is 
merely a gap in an otherwise continuous circuit, and in telephone practioe this 
pieoe of apparatus usually consists of two pieces of tin foil separated by paper 
insulation so that there is no direct connection from one piece of tin foil to 
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Fig. 14 


another. However, when a battery is connected, to the two sides of a condenser, as 
shown in Fig. 15, a momentary current will flow in the circuit until the condenser 
has accumulated as much electricity as the capacity of the two plates will allow. 
When this stage has been reached, the condenser is said to be "charged": the plate 
which is connected to the positive side of the battery has a positive charge, and 
the plate connected to the negative side of the battery has a negative charge. If 
we now disconnect the condenser from the battery, the condenser will be left in a 
charged condi tioiu 
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Fig. 15 
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When the two sides of th«y Fig. 16 

condenser are connected together by 

means of a resistance, as shown in Fig. 16, a flow of current will take plaoe 
from one plate to another through the resistance, the negative charge on the one 
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J HAPTSR xx (continued) 

plate neutralizing the positive charge on the other plate, and the condenser will 
he discharged. 


The action which takes place when a condenser is connected to a source 
of alternating currant is of particular interest in telephone work because this 
is the application to which it is usually put in practice. Under this condition 
the condenser receives a charge when the current is in one direction and discharges 
when the current reverses. Inasmuch as the charge and discharge of the oondenser 
requires a flow of current alternately in reversed directions, the current flowing 
in the circuit becomes equivalent to an alternating current so that in practice 
the alternating current flows in the circuit much the same as though there were no 
condenser present in the circuit at all. It should be remembered that while in 
effect a condenser allows the passage of an alternating current, it acts as an 
insulator to steady currents as this principle is made use of in numerous ways in 
telephone circuits. A typical commercial condenser is shown in Fig. 17. 


Before taking up a discussion of the circuit 
of the subscriber’s telephone, let us discuss briefly 
the repeating coil. This coil is essentially the same 
as an induction coil which we have already considered. 

The main difference between this coil and the induction 
coil is its construction. A repeating coil is wound on 
a continuous iron core like a doughnut, technically 
described as toroidal. A picture of one of these coils 
with the cover ranoved to show the construction is 
shown in Fig. 18. There are actually four windings on 
these coils although for our purposes in discussing the 
theory of operation, coils marked 1, 2, and b, 6, may 
be considered as one coils for example, the primary 
and coils marked 3, 4, and 7,8, may be considered as 
the other coil, or the secondary. We should not, how- 
ever, consider these two coils as primary and secondary 
in the same way that they were thought of in connection 
with the induction coil as the action of the coil is 
reverse with the direction of conversation, the winding 
which forms the secondary sometimes being the primary, 
and vice versa. 

The action of the circuit given in Fig. 14 
may now be described. The battery shown connected to 
the windings of the repeating coil supplies a current 
which flows through one winding of the repeating coil, 

transmitter, one winding of the induction coil, one winding of the repeating coil, 
and back to the battery. When the subscriber speaks into the transmitter a 
fluctuating current is created in this circuit in exactly the same manner as has 
al ready been described. The arrangement of this circuit, however, is such that a 
second aotion takes place in this case. The increasing and decreasing direct 
current alternately charges and discharges the condenser in the circuit through 
the receiver, one winding of induction coil, condenser, back to the transmitter. 
This charging and discharging of the condenser is in effect an alternating current* 
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Pig. 18 

flowing in. windings 3,4, of the induction coil and producing an alternating 
current in windings 1, 2, of the induction coil 'which flows out over the line 
through the windings of the repeating coil, the battery, and back to the trans- 
mitter. This alternating current creates another alternating current of the same 
characteristics in windings 3, 4, 7, 6, of the repeating coil which creates an 
alternating current in windings 3, 4, of the induction coil in the other subscriber's 
telephone. Inasmuch as the receiver 
in the second telephone is in series 
with windings 3, 4, of the induction 
coil in that telephone, the sound is 
reproduced. The reverse of this 
action takes place when a subscriber 
speaks into the transmitter at the 
other subscriber's station. 


A complete subscriber's 
telephone circuit is shown in Pig. 19. 
Prom this figure it will be clear 
why the condenser which we have pre- 
viously referred to is required. The 
bells for signalling the subscriber 
are connected across the two windings 



Pig. 19 
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of the induction coil, thus providing a path for the current from the battery to 
flow through the subscriber's telephone if it were not due to the fact that the 
circuit is open to steady currents at the condenser when the receiver is on the 
hook. If this condenser were not used, a current would flow continually in the 
subscriber's circuit which would be a wasteful use of the central office battery 
and, as we shall see 'later, would interfere with certain signalling operations. 

Before taking up a consideration of the signalling arrangements, let us 
consider shy the repeating coil was used in the circuit. Suppose, for example, 
that the coil had been omitted and a certain amount of resistance added, as illus- 
trated in Pig. 20, we would still have a perfectly good working arranganent. The 



difficulty with such a scheme, however, is that when two lines are connected to- 
gether, one of which has a very low resistance and the other a vary high resistance, 
the one having the lower resistance will draw most of the current while the higher 
resistance line will get very little. Ey using repeating coils, eaoh line is 
entirely separated, thus eliminating this difficulty. The other schane, however, 
is used to some extent in certain private branch exchanges where practically all 
the telephones are in the same building and the difference in the resistance of the 
subscriber's loop is negligible so that eaoh telephone transmitter receives about 
the same supply of current. 

We are now ready to consider the arrangements made for signalling the 
subscriber. In order to understand the operation of the ordinary ringer, we must 
consider further some of the characteristics of permanent magnets and electro- 
magnets. You are all familiar with the fact that a compass will point north. The 
operating mechanism which oauses the compass to do this is a per m a nen t magnet bal- 
anced on a needle so that the two ends are free to swing about. One and of the 
magnet points north and the other end south. The end which points north is known 

r\ - 
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as the north pole and the end which points south, the south pole. Any permanent 
magnet exhibits this characteristic, area a horseshoe magnet, in which the two 
ends have been brought dose together, has this property although, due to the 
fact that it been bent into the shape of a horseshoe, it is not practical to 
use it as a compass. 


A single coil electro-magnet 
also exhibits these characteristics and, 
further, it is possible to determine by 
the direction of the flow of current in 
the coil which end of the magnet is the 
north pole and which is the south pole. 
She rule is illustrated in Fig. 21. To 
determine the north pole, place the 
fingers of the right hand around the 
coil in the direction in which the cur- 
rent is flowing, and the end of the mag- 
net toward which the thumb is pointed is 
the north pole. When the current is re- 
versed, the poles are reversed. 

The next property Of a magnet 
which we should bear in mind is that the 
unlike poles attract each other and that 
the like poles repel. In other words, 
if we have two permanent magnets, the 
north pole of one will attract the south 
pole of the other, while if two south 
poles or two north poles are brought to- 
gether, they will repel each other. 


NORTH POLE 


1 t t 



Wd aro now ready for an ©xplfcaatioui of the op oration of tho ring or used 
to signal a subscriber. In Fig. 22 is shown diagrammatically an ordinary ringer. 


Here we find the combination of a perma- 
nent and electro-magnet. The permanent 
magnet and electro-magnet establish two 
south poles (S-S) , and by inductive 
effect make the two ends of the armature 
north poles (H-H). The center of the 
armature is consequently a south pole. 

In other words, the armature is a piece 
of soft iron with three poles, one in 
the center and one at each end induced 
by the action of the permanent magnet. 
The biasing spring holds the armature 
in a fixed position. How suppose an 
impulse of current flows through the 
ooils in the direction shown by the 
arrow. The magnetism set up by the 
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RINGMR 


lig. 28 

elec trio current will strengthen the pole at the end of coil "L" and will either 
weaken the pole at the end of coil "B* or reverse its polarity, depending upon 

the strength of the energising current. The armature will. 1 *1 ul! t!£t 

by the pole of ooil *L" and repelled by the pole of coil B* with the 

the effect of the biasing spring will be overcome and the bell clapper will 

the opposite side and strike the "r" gong. When the impulse of curr mt has popped 

flowing, the magnetic relations in the ringer will be reestablished as they were 

before the current flowed, and the biasing spring will pull the armature back to 

its original position thereby causing the clapper to strike gong 1 . Thus, a 

series of these impulses will continue to ring the bell if they occur in rapid 

succession. In actual practice a subscriber’s bell is rung by “**“* ot 

current sent out from the central office. As the altermting cur an 

in one direction and then in the other, one of the impulses will ha g™ 5 ** 

direction to produce the action of the bell which w® have jus ’ . 

other half of the alternating current wave' will produce a magnetic effect in such 

a way that the "R" pole becomes a strong south pole and the n L" pole chang 


CHAPTER II (continued) 


north pole* thereby helping the biasing spring to hold the armature stationary. 
In this way we see that one half of the alternating currant wave pulls the arma- 
ture over while the other one aids the biasing spring in pulling it bach again. 

In Pig. 23 is a picture of the ordinary ringer in which the more 
important elements have been cl early marked. This completes the description of 
the ordinary single party ooumon battery subscriber's telephone. 


CHAPTER Hi - LIME AND COBD CIBOUIT 


We have considered means for transmitting speech by means of an electric 
current and are now ready to take up the various arrangements employed for inter- 
connecting any two subscribers who. may desire to carry on conversation. 


On account of the 
large number of subscribers 
whom it is necessary to 
accommodate, means employed 
for switching are consider- 
ably more complicated and 
intricate than the apparatus 
necessary for transmission 
of speech itself. Before we 
take up a discussion of the 
switching circuit, however, 
it is advisable to give some 
consideration to the various 
pieces of apparatus employed 
in setting up connections. 

The most important of all 
these is the relay. A relay 
is essentially nothing more 
or less than an electrically 
operated switch by means of 
which a circuit may be 
opened or closed by the mag- 
netic action of an electro- 
magnet on the armature of 
the relay. 

In Fig. 24 is 

shown a typical relay. The 
action of this relay is 
exactly the same as that of 
the telegraph sounder al- 
though this may not be clear 
due to the peculiar con- 
struction of the relay. The 
armature consists of a "U" 
shaped piece hinged at the 
rear, the arrangonent of 
which is more clearly shown 
in Fig. 25. When a current 
of electricity flows through 
the coil the core becomes an 
electro-magnet and pulls the 
armature over against the 
pole face. The arrows are intended to 



FRONT CONTACT SPRING 


Fig. 24 

represent the magnetic force. The springs 
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of the relay to whloh are attached the con- 
tacts are also fastened at the rear. Two of 
the springs on one side rest against the spool 
head while . the other two rest against insula- 
ting studs fastened to the armature. The top 
and bottom paireof springs normally make con- 
tact at the contact points, the springs being 
so adjusted that when the contacts are made 
the armature is held away from the pole face 
of the electro-magnet. 
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Pig. 25 

When the armature is pulled against 
the pole face, the insulating studs 
push one of each of the two pairs 
of springs opening both sets of 
contacts. In actual practice relays 
are made up with a large variety of 
arrangements of springs and contacts, 
a typical relay having a greater 
combination of springsbeing shown in 
Pig. 26. 

We are now ready to con- 
sider some simpler pieces of appara- 
tus which are involved in setting up 
connections between two subscribers. 
In Pig. 27 is shown an ordinary plug 
and jack. These two pieces of appa- 
ratus when taken together provide a 
convenient means for connecting two 
circuits together manually. Provi- 
sion is made for connecting three 
conductors which, in telephone 
language, are known as the "tip, 
ring and sleeve", being named for 
the parts of the plug to which they 
are connected, the tip wire being 
connected to the tip of the plug, 
the ring to the ring of the plug 
and the sleeve to the sleenre of the 
plug as shown in the figure. The 
parts of the jack with which the 
.plug makes contact bear the corres- 


Pig. 26 
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ponding designations. 

In considering our trans- 
mission circuits, only 
two wires were necessary 
and these are normally 
connected to the tip 
and ring. The third or 
sleeve wire is used for 
signalling purposes 
within the central 
office and does not ex- 
tend to the subscriber's 
station. 
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There is also 
another form of switch 
which may be manually 
operated known as a "key" 
which is used very ex- 
tensively in setting up 
telephone connections. 

A typical example is shown 
in Fig. 28. This parti- 
cular key may be operated 
in either direction. The 
peculiar shape of the 
spring against which the 
roller operates when 
moved to the right is for 
the purpose of locking 
the key in the operated 
position when it has been 
pushed over in that 
direction. On the oppo- 
site side a straight 
spring is used so that 
when the key is operated 
in that direction it will 

immediately return to normal as soon as the handle of the key is released. It 
should be noted that keys may be used for opening contacts as well as closing con- 
tacts as is the case in this example. 




i R R 4904-) 


Fig. 27 


We are now ready to consider what happens when the subscriber removes the 
receiver from the switchhook to call oentral. Under this condition a lamp is lighted 
in the face of the switchboard in front of an operator. The means by which this is 
accomplished is shown in the circuit in Fig. 29. A circuit is completed from one 
side of the battery to one winding of the relay, over one side of the line through 
one winding of the induction coil, transmitter, back over the line to the other 
winding of the relay to the battery. The relay is energized pulling up its arma- 
ture dosing the contact which lights the lamp by connecting It across the battery. 
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The operator, upon seeing the light, 
inserts the plug of a cord into the Jack which is 
associated with the lighted lamp. After ascer- 
taining what number is desired, she plugs the 
other end of the cord into a Jack connected to the 
called subscriber's line, and operates a key which 
rings the bell in the called subscriber's telephone. 
For the sake of simplicity, the second plug and Jack 
have been omitted. It should be noted that in the 
operation of the key the two inside contacts are 
broken, thus disconnecting the battery and repeat- 
ing coil from the circuit and that the outside con- 
tacts connect alternating current directly to the 
subscriber’s telephone. When the ringing key is 
released, the contacts return to normal as they are 
non-looking, thus again connecting the battery to 
the called subscriber’s telephone in order to supply 
electric current through the transmitter to enable 
the subscribers to talk. 

As already stated, the plugs and Jacks 
have three conductors instead of two. The use of 
the third conductor will now be described. Let us 
assume that the calling subscriber removes the 
receiver from the switchhook and that the relay 
marked ’’line relay" in Fig. 30 operates, limiting 
the "line lamp" as previously described. In this 
case the circuit for operating the line relay is 
through the contacts of the "cut-off” relay; other- 
wise it is exactly the same. 



The operator, upon seeing the lighted 
line lamp, inserts the plug of a cord into the 
corresponding Jack, known as an "answering" Jack, 
as she is answering a call. We now have a circuit 



Fig. 29 
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from one side of the battery to the winding of the cut-off relay, to the sleeve 
of the answering jack, sleeve of the answering plug, supervisory lamp of the cord 
circuit, back to battery. This operates the cut-off relay which, as the name 
implies, "cuts off" the line relay from across the line. This operation of the 
cut-off relay opens the circuit of the line relay which releases its armature, 
extinguishing the line lamp. Under this condition the supervisory lamp in the 
cord circuit would be lighted if it were not for the operation of the supervisory 
relay in the cord circuit which operates over a path from battery, one winding of 
the repeating coil, winding of the supervisory relay, ring of plug, ring of jack, 
one side of line to transmitter in the subscriber's telephone, one winding of 
induction coil, back over the line, tip of jack, tip of plug, one winding of 
repeating coil, to battery. 

The operation of this relay places a resistance across the supervisory 
lamp. This resistance allows enough of the current to flow through this auxiliary 
path to dim the lanp so that it is not visible to the operator. The oonpletion of 
the connection to the called subscriber is the same as previously described. 

We are now ready to consider a more complete connection such as that 
shown in Fig. 31. This circuit is the same as that already shown exoept that the 
plug and jacks for the called subscriber have been shown and also that multiple 
jacks as well as answering jacks have been introduced. In order that any operator 
may complete a connection to any subscriber, it is necessary for her to have access 
to any subscriber's line. It is, therefore, necessary to extend the subscribers' 
lines throughout the switchboard so that every subscriber's line will be within 
reach of every operator. This is done by means of the multiple jacks which are 
used exclusively for completing connections to called subscribers. These multiple 
jacks are exactly the same as answering Jacks except that they have no lamp equip- 
ment associated with them. The answering jacks usually appear only once in the 
switchboard and have lamps associated with than, whereas the multiple jacks appear 
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Fig. 31 

throughout the switchboard within convenient reach of all operators but have 
no lamps. Thus, an incoming call always appears in the same point in the switch- 
board whereas calls may be completed to aqy subscriber from any position through- 
out the switchboard. 

It should be noted that the sleeves of the answering and multiple jacks 
are connected together. This is for the purpose of operating the cut-off relay 
of the called subscriber’s line in order to clear the line of the line relay while 
conversation is being carried on. 

We are now ready to consider the means by which the operator is able 
to carry on conversation with the subscriber to ascertain what number the sub- 
scriber is calling. A simplified arrangement to illustrate this is shown in 
Fig. 32. 

When a subscriber originates a call and the operator has plugged into 
the answering jack, she operates a listening key associated with the cord. This 
connects the operator's telephone set across the cord circuit. From the convention 
it will be noted that the listening key is of the locking type whereas the ringing 
key is non-looking. 

The operation of the telephone circuit from a transmission standpoint is 
as follows? battery is supplied to the transmitter through what is known as a 
retardation coil, one winding of the induction coil, back to battery. This re- 
tardation coil is inserted for the purpose of preventing the alternating current 
from flowing through the battery and has the effect of choking back or retarding 
* the alternating current. This is necessary in order to prevent cross-talk with 
other operators' sets or subscribers. 

A condenser is provided which, as we have already learned, will allow the 
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Fig. 32 

alternating current to circulate in a path through the transmitter and the 
winding of the induction coil. A condenser is inserted in series with the 
other winding of the induction coil and reoeiver in order to prevent the central 
office battery from flowing through this circuit when the listening key is 
operated. This does not, of course, interfere with the alternating voice cur- 
rents from flowing in this circuit. 

The purpose of the supervisory lamps used in a subscriber's oord 
circuit is to indicate whether or not the subscriber’s receiver is on the hook, 
and denotes to the operator that the subscriber has completed his conversation 
and hung up the receiver, ’.lftien both supervisory lamps have lighted, the operator 
removes the cords from the jacks. The supervisory lamp lights when the receiver 
is placed upon the switchhook due to the fact that the circuit is open at the 
contaots of the switchhook, allowing the supervisory relay to release which re- 
moves the resistance shunt from around the lamp, thus allowing it to burn 
brightly. 




INTEROFFICE CALL 


A single central office can accommodate only a limited number of 
subscribers* the largest offices being designed to take care of 10,500 lines* 

In a large city there are thousands of subscribers and it is necessary to provide 
a number of central offices with facilities for interconnecting each office in 
order that subscribers of one central office may talk with subscribers of another 
oentral office. This necessitates trunking the calls from one office to the other 
over oable pairs used especially for this purpose. 

It is the usual practice to terminate the subscribers' lines in a separate 
switchboard from the trunks, the board in which the subscribers' lines terminate 
being known as the subscribers' or “A" switchboard, and the board in which the 
trunks terminate being known as the trunk or "B" switchboard. In Fig. 33 is shown 
schematically the routing of a call from an "A" board to the "B" board, the "A” 
board being located in the originating and the "B" board in the terminating office. 

In addition to the trunk circuits between offices, it is also necessary 
to provide call circuits to enable the operator at the "A" board to pass the call 
tc, the operator at the "B" board. The operations which take place in completing a 
call between two offices are briefly as follows: 

The subscriber removes the receiver from the switchhook and the "A” operator 
answers the call. Upon receiving a request for a subscriber in another office, the 
"A" operator restores the listening key to normal, presses a call oircuit key and 
talks directly to the trunk operator at the completing office, requesting the con- 
nection to the desired subscriber. The trunk operator in turn assigns an idle trunk 
which has the same number at the originating end as at the concluding end. The "A" 
operator inserts a calling oord into the outgoing trunk Jack and the "B" operator 
completes the oircuit by inserting the plug of the particular trunk assigned into 
the Jack of the desired subscriber. 

It should be understood that in order to complete calls in either direction 
between two offices, it is necessary that both offices have an "A" board and a "B" 
board. This is illustrated by the simple diagram in Fig. 34. 

In view of the fact that it is necessary to trunk a majority of the calls 
in cities having a large number of oentral offices, it has been found more economical 
to dispense with the subscribers* multiple in the "A" switchboards entirely and trunk 
all calls to the "B" board. The operation is the same whether the call goes to a 
distant office or to the "B" board of the same office. 

In Fig. 35 is shown the face of an **A” switchboard with the various groups 
of circuits clearly marked. 

In Fig. 36 is shown the face of a "B" board with the subscribers’ multiple 
shown above and the plugs of the trunks below on the key shelf. 

Before we take up further the arrangement and layout of the apparatus in a 
.central office, let us discuss one important operating feature which must be provided 
for. This is the "busy" test. We will consider first the case of on "A" operator 
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completing a call with a subscriber's cord 
circuit, and let us suppose that the sub- 
scriber called is already busy, that is, 
there is already a cord circuit plugged in- , 
to a multiple jack of the line at some other 
position. Before an operator inserts a cord 
into the jack of the called subscriber's 
line, sh* touches the tip of the cord to the 
sleeve of the jack. If the line is busy, a 

dick will be heard in the receiver to indicate the busy condition. The circuit 
arrangonent by which this is accomplished is shown in Fig. 37. Here one cord is 
indicated as being plugged into a multiple jack and the tip of another oord is 
indicated as touching the sleeve of another multiple jack of the same line. A 
circuit may be traced from battery through the supervisory lamp of the cord circuit 
already inserted in the multiple, resistance, sleeve of cord, sleeve of jack, 
through the multiple to ground through the cut-off relay in the answering Jack cir- 
cuit. This, as we have already discussed, "cuts off” the line relay from across 
the tip and ring of the line during conversation. We can also trace from the sleeve 
of the multiple a circuit to the sleeve of the other multiple jack shown in the 
figure. When the operator touches the tip of the cord to the sleeve of this jack, 
an electric ourrent flows over the path already traced from the sleeve of the first 
cord through the contact of the sleeve relay, winding of an induction coil, to 
ground. The second winding of this coil is connected to the receiver, and the 
momentary flow of currant in the first winding produces a current in the second 
whioh causes a click in the receiver. 


It will be noted that the circuit arrangement of this cord is different 
from that shown in the simpler cord circuit which we had in a previous lesson. This 
subscriber's cord circuit is the one commonly used in central offices where all calls 
are trunked, that is, where 100$ trunking is used, and has been shown here on account 
of its common use. The sleeve relay which controls the busy test operates when the 
cord is plugged into a multiple jack and transfers the tip of the cord from the ljusy 
test lead to the tip side of the cord circuit. A busy test circuit similar to this 
is used in trunk circuits and will therefore not be discussed here. 

In case the "B" operator finds a subscriber’s line busy, she plugs the 
cord of the trunk into a busy jack which places an interrup ted tone on the trunk 
which the subscriber recognizes as a busy tone. Tt is necessary to use this arrange- 
ment as the "B" operator has no direct coirmuni cation with the calling subscriber. 

In Fig. 36, showing the face of a "B" switchboard, a single strip of these busy jacks 
is shown just below the multiple. 

The arrangement of the cabling between the various frames in a manual 
central office is shown in Fig. 38. The outside cables are brought into the central 
offic® and terminate at \fliat is known as the main distributing frame, marked MDF'on 
the diagram, both the subscriber’s line and trunk cables being terminated at the same 
frames. In order to protect central office equipment frcm damage in case a sub- 
scriber's line or trunk circuit should come in contact with a building lighting cir- 
cuit or a high voltage power line, the cables are terminated on protectors mounted 
on the MDF.. From the protectors the lines or trunks are connected to the other side 
of the distributing frame by means of flexible wires known as "jumper" wires. The 
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path of a subscriber’s line may be traced as follows: from the main distributing 
frame, cables are run to an intermediate distributing frame designated IDF. From 
the same terminal strips on which the cables from the main distributing frame" 
terminate, cables are also run to the multiple in the "B" switchboard. 

A cable is also shown to the subscribers’ multiple in the "A" board but 
this multiple is used only in areas where 100$ trunking is not economical. By means 
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of jumper wire, the answering jack circuit, or the "line circuit" as it is called, 
is connected across the IDF to terminal strips on which are terminated call es to 
the answering jacks and lamps in the' "A" switchboard and to the relay raok on which 
are located the line and cut-off relays of the answering jack circuits. 


Incoming trunks from other offices terminate at protectors on the main 
distributing frame and are cross-connected to cables terminating at the trunk coil 


raok containing 
the repeating 
soils for the 
trunk circuits. 
From the repeat- 
ing coils cables 
are run to the 
trunk relay raok 
and thenoe by 
cables to the 
trunk circuits in 
the "B" board. 

The outgoing 
trunk circuits 
from the "A" 
board are usually 
oabled directly 
to the main dis- 
tributing frame 
except for a 
cable to the line 
relay rack on 
which are mounted 
resistances used 
in the sleeves of 
the outgoing 
trunks. The only 
cabling required 
for the sub- 
scribers’ cord 
circuits is that 
to the oo il raok 
where are mounted 
the repeating 
coils. 


The 

main distributing 
frame is shown in 
Figi 39. On one 
side are shown 
the proteotors to 
whioh the outside 
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cables are connected, and on the other side the terminal strips on which 
central office cables are terminated. A diagram of a protector is shown 
40. The two wires of the outside cable pair are 
connected to the terminals marked " cable" and the 
jumper to the terminals marked "jumper*'. 


the 

in Pig. 


The circuit is completed from the cable ter- 
minals to the jumper terminals through the heat coils 
plaoed between the springs. These heat coils are so 
constructed that when a subscriber's line comes in 
contact with a high voltage power line, a soldered 
joint inside the coil will melt due to the heat pro- 
duced by the excessive electric current and cause 
the heat coil to operate as shown on the right hand 
aide in the figure. This presses a spring against 
the framework of the protector which is grounded, 
thus causing the current to be carried to ground in- 
stead of through the central office equipment. The 
construction of the heat coil is shown in Fig. 41. 

The high currant flowing through the heat coil wind- 
ing melts the solder holding the copper sleeve to the 
heat coil pin and the pressure of the protector 
spring on .the head of the coil pushes the winding and 
sleeve along the pin which, in turn, pushes the spring 
against the grounded framework. 

In addition to protecting the equipment 
against power circuits, the protector is also design- 
ed to provide protection against lightning. This ia 
accomplished by providing two pieces of carbon be- 
tween which Ls inserted a piece of mica, as shown in 
Fig. 40. The lightning discharge will jump the very 
small gap between the two carbon blocks and follow 
the framework of the protectors to ground. 

In Fig. 42 is shown a pioture of an inter- 
mediate distributing frame. This frame does 
not have protectors as the protection is al- 
ways placed at the main distributing frame 
where the cables enter the office, thus af- 
fording the maximum amount of protection to 
the central office equipment. The main pur- 
pose of this frame is to provide a flexible 
means for connecting the multiple and answer- 
ing jacks by means of jumpers. By this ar- 
rangement any answering jack can be connect- 
ed to any multiple. It has been found more 
convenient in running the jumpers to have 
the terminal strips on one side of the frame 
arranged in horizontal rows and those on the 
other side of the frame arranged in vertical 
rows. This has led to the practice of desig- 
nating one side of the frame as the horizon- 
tal side and the other as the vertioal side 
and are usually designated HIDF and VIE®. 
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In Fig. 45 is shown a typical terminal strip used on the HIDif. 

The cable is connected to the bottom of the strip and the jumper wire io the top. 

The terminals are merely short metaL pieces clamped between strips of fibre. 

In Fig. 44 is shown the rear of a line relay rack on which are located 
the line and cut-off relays of the answering jack circuits. 

In Fig. 45 is shown the front of a trunk relay rack on which are located 
the relays of the trunk circuits. 

In Fig. 46 is shown the rear of an "A” board, with the outgoing trunk 
multiple, answering jacks, cord circuit relays, and operator's telephone circuit 
clearly marked. The rear of a "B" board has not been shown as there is very 
little equipment in one of these boards, most of the apparatus for the trunk cir- 
cuits being located in the terminal room on frames and racks. 

In Fig. 47 are shown a coil rack and fuse panel. The coils are placed 
on horizontal shelves and the cables connected to them supported on the shelves 
in front of the coils. A fuse is provided in each cirouit to protect the appa- 
ratus and circuits from damage from excessive current. These fuses are mounted 
on a panel which is usually located adjacent to the coil rack as this makes the 
most convenient cabling arrangement. 

In order that a central offioe maintenance man may know when a fuse 
has blown, an alarm is provided. For this purpose a special fuse, commonly called 
a "grasshopper" fuse, shown in Fig. 48, is generally used. The fuse wire is 
attached at one end to a small coil spring and at the other end to a leaf spring, 
as shown in the figure. When the fuse blows, the action that takes place is shown 
in Fig. 49. The leaf spring underneath presses against an alarm bar closing the 
oirouit from the battery bar to an alarm cirouit which immediately starts the 
alarm, notifying the maintenance man by the ringing of a bell that a fuse has blown. 

Lamp 8 looated on the fuse panel in line with each strip of fuses indicate 
the strip in which the blown fuse is located, io facilitate the location of the 
particular fuse in the strip, a glass bead is plaoed on the end of the coil spring, 
which, when released by the blowing of the fuse, projects out beyond the line of 
the other fuses in such a way as to be readily located. 
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CHAPT3RV - PAH3L MACHINE SWITCHING EEUIBIEHT 




The panel machine switching system is a systan for completing telephone 
connections automatically in response to dial pulses originated by the subscriber. 
The dial which is illustrated in Fig. 50 is located at the subscriber's station. 

In the case of a desk stand, it is mounted on the base, and in the case of a wall 
set, on the face of the set itself. It is so designed that by manipulating a 
finger wheel electrical im- 
pulses are sent out over the 
line corresponding with the 
numbers or letters appearing 
in the holes. When used in 
the larger cities, the 
design bears certain letters 
of the alphabet in addition 
to the numbers. The letters 
are used for dialing the 
first three letters of the 
office name. 


/ 




In Fig. 52 is shown 
a typical selector frame with 
the various pieces of appara- 
tus designated. There are 5 
panel type multiple banks and 
60 selector circuits on a 
frame, 30 selectors on each 
side. 


The circuit of a 
subscriber's set with a dial 
is shown in Fig. 51. Spring 
"A” opens the circuit to the 
receiver and closes a path 
around the transmitter, and 
is so arranged that it re- 
mains closed during the time 
that each series of impulses 
is being sent. Spring "B" 
is the pulsing spring which 
opens and closes as the dial 
returns to normal, producing 
the actual pulses. The 
pulsing circuit may be traced 
from the ring side of the 
line through one winding of 
the induction coil, contacts 
of switchhook, spring "A" of 
dial, spring "B" of dial, 
back on the tip side of the 
line. 


Fig. 50 
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A multiple bank is shown in Fig, 

53. This consists of flat punchings about 
3-g- feet long and. 1 inch wide overall. Each 
of these strips has lugs on each side with 
which the selectors can make contact. In 
this particular bank 300 of these strips 
are piled one above the other, separated 
by insulation and securely bolted together, 
forming a panel about 15 inches high. This 
bank provides a multiple consisting of tip, 
ring and sleeve connection for 100 lines, 
appearing 60 times, that is, 30 on each 
side. It is this panel which has given the 
name to the system. 

In Fig. 54 a section of the multiple Fig. 51 

bank is shown in more detail with the selector 

brushes making contact with the lugs or terminals. The selectors are moved up and 
down by means of a friction clutch and continuously rotating cork rolls at the 
bottom of the frame. A picture of the partially assembled frame showing the multi- 
ple banks and the cork roll is shown in Fig. 55, and the cork roll alone is shown 
in Fig. 56. There are -two rolls on each side which rotate in opposite direction, 
one of them being used to move the selector up and the other one to move it down. 
The friction clutch used for controlling the movement of the selector is shown in 
Fig. 57. The operation of the clutch can be best understood from the diagram in 
^■8* 58, When the up-drive magnet is energized, the roller on the lower roller 
atm presses the rack against the cork roll which cuases the rack to which the se- 
lector rod is attached to move upward as long as the magnet is energized. 

The rack as shown in the picture in Fig. 57 is notched and a pawl, also 
shown in this figure, holds the rack by these notches at whatever point it is 
stopped. To restore a selector rod to normal, the down-drive magnet is energized 
and the roller on the down-drive roller arm presses the rack against the other cork 
roll which pulls the selector down. 

In Fig. 59 is shown the assembly of the selector to the rack. As shown 
in Fig. 60, the selector consists of a metal tube supported in bearings, allowing 
vertical motion and carrying 5 sets of brushes. Bach one of the 5 sets of brushes 
is arranged to make connection to the tip, ring and sleeve terminals of the panel 
banks before which it normally stands, and the tip, ring and sleeve contact members 
of all 5 of these brushes are multipled together. They are normally free from con- 
tact with the terminals but any set may be tripped mechanically, so that that set 
will contact successively over terminals as the selector rises. 

A magnet is provided in the clutch for tripping,by means of a rotating 
rod or trip rod, any one of the 5 sets of brushes into mechanical engagement with 
the terminals. In choosing a trunk or line, that one of the 5 sets of brushes which 
has access to the panel in which the desired trunk or line appears is tripped so 
that it makes contact with the bank terminals before it. The selector then moves 
upward under the proper control until the tripped brush engages the desired line 
or trunk. The selector is then held in this position by the pawl in the clutch. 

When the connection is to be taken down, the pawl is withdrawn and the selector is 
carried back to normal under control of the clutch. When the selector reaches its 
normal position, the tripped brush is reset. 
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Fig. 56 

The tripping of the desired brush is accomplished by means of the trip 
rod and its associated trip fingers. The trip rod is a small metal rod mounted 
vertically, directly behind the selector rod and arranged so that it can be rotated, 
but held rigid as regards up and down movement. The trip rod has a trip finger 
associated with each multiple brush but each trip finger is set at a different height 
relative to its associated brush. 

In selecting a particular brush, the up-drive magnet operates, moving the 
elevator upward a number of steps, corresponding to the brush desired, that is, one 
step for the first brush and two steps for the second brush, etc. The clutch magnet 
then releases, stopping the upward movement of the elevator. The trip lever of the 
desired brush is directly opposite its trip .finger while the trip levers of the other 
brushes are either above or below their respective trip fingers. The various posi- 
tions of the trip fingers and brushes are shown in Fig. 60. 

The trip magnet which is located on the clutch frame immediately above the 
aown-drive magnet, now operates and causes the trip rod to rotate, and the trip lever 
of the desired brush to be engaged by its trip finger which is directly opposite it. 
The trip fingers are equipped with small coil springs, thus preventing more than one 
trip finger from engaging with its trip lever at one time. The trip finger so 
engaged is stopped half way through its normal arc of travel, the coil spring allow- 
ing the trip finger to remain stationary *hile the trip rod continues to rotate 
through its complete arc of travel, carrying the other trip fingers around with it. 
The elevator now continues its upward movement and the brush whoso trip lever has 
engaged its trip finger will be tripped. 
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At the top of 
the frame, just above the 
'i 5 banks are located com- 
mutators as shown in Fig. 

61, one for each selector. 
The multiple wiring of the 
brushes on the selector 
leads to other brushes 
which move over strips on 
these commutators and 
thereby completes the con- 
nection from the movable 
selector to the rest of 
the circuit, thus avoiding 
flexible wire connections 
with their attendant 
troubles. This commutator 
also performs the more 
important service of con- 
trolling the travel of the 
selector. Brushes moving 
over conducting segments 
separated by insulation 
produce impulses which 
control the selector travel. 

Another device of 
great importance is the se- 
quence switch shown in Fig. 

62. It is operated through 
an electromagnetic switch 
from the same motor that 
drives the selectors. The 
way in which this operates 
is more clearly illustrated 
by the diagram in Fig. 63. 

The sequence switch is 
turned on its shaft by en- 
ergizing the magnet "R" 
which pulls the flexibly 
mounted disc on the sequence 
switch shaft against the edge 
of the rotating drive disc on 
the vertical shaft. The se- 
quence switch may be de- 
scribed as a circuit con- 
troller whose function it is 

i to establish in a definite 
sequence such circuit condi- 
tions as are required in the 
operation of the system. It 
is made up of circular discs 
called cams, mounted rigidly 
on a shaft. The plates of 
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the cams are cut so that brushes 
come in contact with the plates 
only when the circuit is tc be 
closed. The sequence switch can 
be stopped at any one of the 18 
different positions as required, 
by the simple opening of the 
electromagnetic clutch. There 
are many of these sequence switches 
used in this system and the cuttings 
of the cams vary, depending upon the 
particular circuit combination which 
it is desired to establish. 
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Fig. 58 


Another selector frame 
of a slightly different type is 
the line finder frame illustrated 
in Fig. 64. It is on the banks 
of this frame that the subscribers' 
lines terminate, corresponding to 
the answering jadqs in an "A” switch- 
board. It is the\line finder selectors which select or find the line of a subscriber 
who has originated' a call. There are 10 multiple banks eaoh having a capacity of 40 
lines, making a total of 400 lines on a frame. The line finder itself is a power 
driven selector very similar to the kind used on selector frames, except that it has 
10 brushes instead of 5. The method of driving the selector is the same but the 
device for tripping the brushes is different. 


On a line finder frame the trip rods are horizontal instead of vertical. 
Associated with each bank is a pair of trip rods, one on the front and one on the rear 
The trip rods are rotated in pairs by the trip magnets. Firmly attached to each trip 
rod are a number of trip fingers, one for each line finder in the group on the same 
side of the frame. These trip fingers are small metal tongues with a rectangular slot 
in each. The relation of the trip rods and trip fingers to the multiple banks and, 
brushes is shown in Fig. 65. 


The operation of the selectors is controlled by another circuit known as the 
"sender". It is in effect the brains of the system, dealing with the subscriber and 
controlling the selection until the destination is reached, as an operator deals with 
the subscriber and controls the selection , in a manual systan. The number dialed con- 
veys the same information to the sender in a machine switchii^ system as the number 
spoken by the subscriber do«s to an operator in a manual system. The sender is an 
arrangement of relays, sequence switches and selectors so worked out as to perform the 
foliowing more important functions: 

1. It receives a succession of electrical impulses from the subscriber's dial 
which are on a decimal basis, stores them and translates them to a non-decimal 
basis, corresponding to the particular group of lines and trunks that is in- 
volved in the path of the call. 

2. It controls selecting mechanisms which build up the connection to the called 
party in such a manner that each mechanism is given the exact time required to 
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Fig. 62 

perform its functions without any waste of time, independently of the rate 
received from the dial. 


3. It makes the central office designations entirely independent of the arrange- 
ment of the trunk groups on the selector frames. This is a very important 
matter, inasmuch as it allows the selectors to he used to full efficiency. 

It provides the desired flexibility for growth and permits any desirable re- 
arranganent of the trunks on the se- 
lector frames that the telephone com- VERTICAL 
pany may find desirable at any time. DRIVING SHAFT 


4. The sender is capable of distinguish- 
ing the class of office at which the 
connection terminates. That is, if the 
call is to terminate at a mechanical 
office, the sender will arrange to 
govern the selection accordingly. If 
the call is to terminate at a manual 
office, the sender recognizes this and 
arranges to send out impulses to the 
call indicator equipment in the manual 
office. 

A sender frame is pictured in Fig. 66. 
There are 5 sender circuits mounted in units on 
a frame. The relays are enclosed in a cabinet, 
and a close-up of the cabinet with the doors 
open is shown in Fig. 67. 
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Another piece of 
apparatus that is used ex- 
tensively for various pur- 
poses in the panel machine 
switching system is the ro- 
tary switch or 200 type se- 
lector. This is illustrated 
in Pig. 68, and in Fig. 69 
is shown a diagram illustra- 
ting the principle upon which 
it operates. A double ended 
set of brushes is caused to 
pass over the contacts on a 
semi-circular bank by opening 
and closing the circuit of 
the magnet. The circuit to 
the magnet is carried through 
a set of contacts which are 
opened and closed by the oper- 
ation of the armature. When 
the magnet is energized, the 
resulting motion of the arma- 
ture opens the circuit at the 
contacts and releases the 
armature which, upon return- 
ing to normal, pushes the 
ratchet wheel and brush assem- 
bly one step from one terminal 
to the next. When the arma- 
ture is returned to normal, 
the contacts are again closed 
so that the magnet again ener- 
gizes and repeats the operation. 
In this way the switch continues 
to step from one terminal to the 
next so long as the current is 
applied. A similar action can 
be made to take place by inter- 
rupting the circuit from an out- 
side source. A common use for 
these switches is for storing 
the dial pulses in the sender 
circuit. 


Another important 
element in the panel machine 
switching system is the trans- 
lator frame shown in Fig. 70, 
and its associated pulse machine 
shown in Fig. 71. The purpose 
of the translator and pulse 
machine is to translate the 
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Fig. 67 

number dialed into the proper selections required for controlling the operation 
of the selectors. There are 10 multiple banks of 40 circuits each to which 60 
selectors, 30 on each side, have access. 

The pulse machine is a motor driven interrupter of 4 drums, for supply- 
ing interrupted current in the proper sequence and is wired to the multiple banks 
of the translator through a distributing frame so arranged as to provide maximum 
flexibility of connections. 
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CH AFTER VI 


PANEL MACHINE SWITCHING- CALLS 


There is a fairly close analogy between the functioning of the machine 
switching and manual circuits. Referring to Pig. 72, let us trace a call and 
note this similarity. The pair of wires from a subscriber’s telephone is attached 
to one of the sets of fixed terminals in a panel bank of a line finder frame: the 
terminals correspond to the answering jacks and the selectors to the "A” operator’s 
answering cords of the manual system. When the subscriber removes his receiver he 
closes the circuit of his line, oausing a relay at the central office in series with 
his line to operate. This relay causes an idle line finder, having access to his 
line, to trip the proper brush and then move upward to his line. At the same time, 
a sender selector attached to that line finder is choosing, out of a common group, 
an idle sender. A rotary selector or 200 type selector is used as this sender 
selector. The sender having been attached in this manner to the calling line, a 
low humming sound, known as "dial tone” is heard by the subscriber, advising him 
that the mechanism is ready for him to dial. The entire sequence of events just 
described takes place in a fraction of a second, so that ordinarily the subscriber 
finds the dial tone when the receiver reaches his ear. The subscriber now dials 
the required letters of an office name and the numerals of the called number. The 
pulses from the dial travel over the subscriber's line through the line finder and 
sender selector to the sender which records or translates them to control the 
setting up of a connection. As soon as the connection has been established, the 
sender is released and is ready to be used for a new call, being kept in use only 
a few seconds for each call. 

The first step in completing the connection is to choose an idle trunk 
to the desired central office. Directly associated with each line finder is another 
panel selector known as a district selector. This district selector has capacity 
for 450 working outgoing trunks, the other 50 trunks being used for control purposes. 

In a small city, 450 trunks would be sufficient to reach all points, but 
in the case of large cities, 450 outgoing trunks are not sufficient. Accordingly, 
only a few of the trunk groups outgoing from these offices leave directly from the 
district selectors. To obtain access to the remaining trunks, there are, on every 
district selector frame, groups of trunks leading to office selectors. These office 
selectors are selectors of the panel type and each has a capacity of 450 outgoing 
trunks. For the sake of simplicity we will omit the office frame in tracing the 
call. The district selectors start upward under the control of the sender. As the 
district selector moves upward, it produces pulses by means of the brushes which 
slide over the commutator at the top of the selector. These pulses are transmitted 
back to the sender and are there counted. When the sender has counted a number of 
pulses which indicate to it that the district selector has proceeded to the proper 
position, the sender opens the fundamental circuit to the selector and causes it 
to stop. This method of controlling the movement of the selector is termed the 
“reverse control method”. 

The first selection made chooses the set of brushes to be tripped into 
engagement with the terminals. Assume, as shown, in Fig. 72, that the desired trunk 
appears on the 4th panel from the bottom; therefore, the district selector is 
allowed to make 4 pulses and is then stopped by the sender. The brush- tripping 
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d erica is thus sat in position to trip the 4th brash, and the selector is started 
again by a signal from the sender, which operation completes the process of trip- 
ping the brash. » 

The selector ncrw continues upward, making a pulse for every group of 
trunks which it passes over until, having reached the desired group, as indicated 
by the number of pulses counted by the sender, it is again stopped by the sender 
at the beginning of this group. The selector is now started again, and this time 
under its own control hunts for an idle trunk in the group. Busy trunks are 
grounded on the third or sleeve terminals, whereas idle trunks are open. A test- 
ing relay, associated with the selector, keaps the selector moving upward until a 
trunk with an open sleeve wire is found, whereupon the selector stops, makes con- 
nection with this trunk, and renders it busy to other selectors by grounding the 
signalling strip. The connection is now extended to an outgoing trunk. The sender 
still remains attached to the connection since it must still control the further 
setting up of the connection. 

The sizes of the working trunk groups on district and office selectors 
can vary from 5 to 90, depending upon the traffic to be handled. 

The incoming trunk to the machine switching office terminates on an 
"incoming selector", which is of the type already described. A machine switching 
office has a capacity for 10,000 numbers, but the incoming selector has capacity 
of only 500 trunks, so that the same arrangement is employed as on the district 
selectors; that is, the incoming selector chooses one of a number of other selec- 
tors, called "final selectors", which have access to the subscribers' lines. Since 
each final frame has a capaoity of 500 subscribers, 20 frames will be required to 
care for the full 10,000 numbers. On the incomir^ selector frames, therefore, 
appear 20 groups of trunks, each group leading to a different frame of final se- 
lectors. 


The method of selection is the same as described for the district and 
office selectors; that is, first the incoming selector, under control of the sender 
in the originating office, trips the proper brush, chooses the proper group, and 
finally chooses an idle trunk leading to a final selector. The final selector then 
goes through the process of brush, group, and subscriber's terminal selection. The 
terminal selection is under the control of the sender which counts line by line in 
the group of ten, until the desired one is reached. If the called line is idle, it 
is rung, and the calling subscriber is advised of that fact by hearing the audible 
ringing signal. If the called line is busy, it is not connected but an intermittent 
buzz, recognized as the busy signal, is sent back to the calling subscriber. If the 
called number is that of a P.B.Z. having several trunks, the final selector auto- 
matically hunts for an idle one. If the final selector, after testing all the P.B.X. 
trunks, finds than all busy, it sends back the busy signal. 

As soon as the called line is reached, the sender is dropped from the cir- 
cuit to be available for another connection. It is not held during the period of 
ringing, during the time that the busy signal is being given, if the line is busy, 
or during any part of the period of conversation. 

It will be noted that the method of selection is not on a decimal basis. 
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The first selection chooses one of fire brashes on the Incoming selector as 
already explained; that is, we choose that particular fifth of the terminals in 
which the called line happens to be and, sinoe l/5 of 10,000 is 2,000, we choose 
the 2,000 group desired. The next selection is by groups of 500, Which is again 
non-decimal. This "translation", as it is called, of the number from the decimal 
notation, as dialed by the subscriber, into the notation as needed by the selectors, 
is taken care of rery simply in the senders. 

In Fig. 73 is shown how the letters and numbers dialed are translated 
into the various selections. It will be noted that the three letters determine 
the district brush and district group selection, and in case office frames are 
used, they also determine the office brush and office group selection. 


The thousands digit determines the incoming brush selection and the thou- 
sands and hundreds digits together determine the incoming group selection. Final 
brush selection is determined by the hundreds digit. The tens and units ronain 
unchanged. 

A ) 

B ) District Brush, District Group, Office Brush, Office Group. 

C ) 

Thousands 

Hundreds 

Tens 

Units 


Incoming Brush ) 
Final Brush ) 
Final Tens 
Final Units 


Incoming Group. 


Fig. 73 

In Fig. 74 is shown a typical arrangement of the district multiple. 

In this example five district frames are shown and the various groups of trunks 
are mult Ipled from one frame to the other. It will be noted that in sane oases 
the trunks are not multipled through all five frames. This is done where the 
traffic is so heavy that a single group of trunks will not suffice to take care 
of all the calls. This is the case, for example, with the trunks to main office 
where there are three groups of 40 trunks, making a total of 120 In all. 


The cabling arranganent between the incoming frames and the final frames 
is a fairly fixed relation in view of the fact that in order to accommodate the 
10,000 subscribers it is necessary to have 20 frames and that the selectors on 
these frames must terminate in a particular group on the incoming frames. This 
relation is shown in Fig. 75. A diagram illustrating this arrangement is shown 
in Fig. 76. It will be_ noted that Ho. 1 final frame accommodates lines from 0 
to 499 and that the final selectors for this frame are connected to the zero 
group in the zero bank on the incoming frame. Similarly, the second final 
frame takes numbers from 500 to 999 and the selectors from this frame termin- 
ate in group No. 1 of incoming bank zero, and so on, for the rest of the 
frames. 

in order cnat tne machine switcning system may render universal service, 
it is, of course, necessary to connect subscribers in machine switching offices 
with subscribers in manual offices. 
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*2 F/NAL FRM. 
300- 999 

*/ F/NAL FRM. 
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Fig. 76 
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Calls from machine switching to manual offices are handled at the 
manual office on call indicator "B" positions. Fig. 77 shows a diagram of the 
equipment used to connect such a call to a subscriber in the manual office. 


ro ser 



Fig. 77 


The call progresses through the district selector in the same manner 
as described for the machine switching call, but the trunk which it takes up leads 
to a call indicator ”B" position in the manual office selected. Hie operator is 
notified that a call has reached her position by the lighting of a lamp associated 
with' the cord in which the incoming trunk teiminates. Upon perceiving this signal, 
she presses a display key associated with that trunk, and thereupon the called 
subscriber's number is displayed on a bank of numbered lamps located on this 
operator’s keyboard. The operator picks up the plug, tests the called line and, 
if it is found idle, plugs in, or, if it is found busy, she plugs into a special 
jack which is arranged to send the intermittent busy tone back to the calling sub- 
scriber. 

Hie called subscriber’s number is displayed in the following maimer. 
Associated with the operator’s position, and with her call indicator, is a group 
of relays. When the display key is depressed, this group of relays is attached to 
the trunk. The senler which has meanwhile been waiting on the connection, is 
thereby given a signal, and sends the number called by means of code pulses which 
are received by the group of relays. These relays, in turn, light the set of 
lamps on the call indicator corresponding to the digits of the called number, as 
shown in Pig. 78 fpr ”13660'*. Hie oode pulses enployed for sending this called 
Bomber are positive and negative, strong and weak, and are translated by the sender 
from the decimal dial pulses to this type of pulse to reduce the time required and 
to simplify the receiving apparatus. 
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Similarly, it is also necessary to be able to complete calls from the 
manual central offices to the machine switching central offices. Calls from 
manual offices are handled at the machine switching office on cordless "B’’ posi- 
tions. Fig. 79 shows a diagram of the equipment used to connect a call origina- 
ting in a manual office destined for a subscriber in a machine switching office. 



Fig. 79 

Such a call is answered by the *A” operator in the manual office in the usual 
manner. She takes up the call circuit by depressing her call circuit, key to the 
machine switching office desired, passes the called subscriber's number, and 
receives a trunk assignment in exactly the same manner as if the call were going 
to another manual office. The cordless ’•B" operator, upon assigning a trunk, 
presses the assignment key of that trunk which temporarily attaches her keyboard 
to a sender and simultaneously to the incoming trunk which she has assigned. As 
shown in Fig. 79, the incoming trunk terminates on an incoming selector which has 
access to final selectors on which the called number appears, in the same manner 
as described before. 

The operator now sets up on her numbered keys the number d®si**ed t and 
this information is transmitted immediately to the sender. These k$ys, which 
lock mechanically, are released after a fraction of a second by * magnet controlled 
by the sender and are ready for the next call. The "B" operator’s sender now con- 
trolls the Incoming and final selectors in the same manner as the subscribers’ 
senders, causing the incoming selector to choose an idle trunk to a final selector 
having access to the desired group of 500 numbers. The final selector reaches its 
destination in the manner previously described and, as soon as the line is found, 
the sender is released. 

In Fig. 80 are shown a few positions of a cordless *B n board, and in 
Fig. 81 is shown a "B" sender frame. This sender, as already Indicated, performs 
exactly the same function as the sender for full mechanical or call indicator 
calls, except that It is not necessary to make an office selection, the only 
selections required being those of the incoming and final frames. 

As a stannary, a complete diagram of the three classes of machine switch- 
ing oalls has been shown in Fig. 82. Here we have illustrated a call fraa one 
machine switching subscriber to another, a call from a machine switching subscriber 
to a manual subscriber, and a call from, a manual subscriber to a machine switching 
subscriber. 
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CHAPTER VII ~ STEP BT STEF SYSTEM 


The step hy step system for automatically establishing telephone 
connections is a direct, impulse system* By this is meant that tne selecting 
mechanism is operated directly under the control of the dial impulses instead 
of indirectly by means of a sender. 

The most important piece of apparatus in the system is the selecting 
switch illustrated in Pig. 83. The bare skeleton of such a switch, sufficient 
only to illustrate salient points in its mode of operation is shown in Pig. 84. 
The essential elements of this type of switch are a vertical shaft capable of 
both vertical and rotary motion} a pawl and ratchet mechanism actuated by a 
magnet for moving the shaft vertically a step at a time; another pawl and ratchet 
mechanism actuated by another magnet for rotating the shaft a step at a time; 
an arm cariying wiper contacts, arranged on the inner surface of a section of a 
cylinder adapted to be engaged by the wiper contacts on this movable arm. 

In the upper left-hani corner of this figure, the vertical magnet shown 
will, if energized by impulses of current, attract and release its armature, and 
in doing so, cause the pawl controlled by this magnet to move the shaft of the 
switch up a step at a time, as many steps as there are impulses of current. The 
vertical movement of this shaft will carry the wiper arm, attached to the lower 
end of the shaft, up the same number of steps, and in doing so, will bring the 
contacts of this wiper arm opposite, but not engaging the corresponding row of 
stationary contacts in the semi-cylindrical bank. Likewise, through the ratchet 
cylinder on the intermediate portion of the shaft, the rotary magnet shown in the 
right-hand portion of this figure will, when energized by a succession of electri 
cal impulses, rotate the shaft a step at a time, as many steps as there are 
impulses. This will cause the contacts of the wiper arm to move over the suc- 
cessive contacts in the row opposite to which the wiper had been carried in its 
vertical motion. 


In the lower left-hand corner of this figure, there is shown a pair of 
keys, either one of which when operated, will complete the circuit of * he *^? n ® 
to which it is connected, this circuit including a common battery. This pair or 
keys may be taken as representing the call-transmitting apparatus at the subscri- 
ber’s station, and the two wires extending therefrom may be taken as representing 
the line wires connecting that subscriber’s station to the central office; * 
these two wires must not be thought of as the actual representation of the subscri 
ber’s station calling apparatus or the subscriber’s line, since their 1 
are not found in the system as it really exists. Accuracy has been sacrificed for 
ease in setting forth a feature of operation. 

Referring again to Pig. 84, it will be seen that the bank contacts con- 
sist of ten rows or levels, each having ten pairs of contacts. 


For the sake of simplicity, let us assume that the exchange under con- 
sideration has one hundred subscribers, and that each pair of ban con ac s p 
sents Ue terminSs of one subscriber’s line. The simplest kind of automatic 
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Fig. 83 
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exchange is one where each subscriber’s line terminates in a selecting switch, 
and where every switch has access to a multiple of every line through the semi- 
cylindrical banks. 


Fig. 85 shows a bank of contacts as it would appear if the bank were 
bent back so that all contacts were in the same plane. The levels are numbered 
from 1 to 10 from the bottom up, and the contacts are numbered from left to right. 

Number 10 is indicated by "0". The tens digit of a number called indicates the 

level on the bank where the multiple of that number appears. The units digit of 
the number indicates the contact to which that number is multipled. Thus, number 
57 is connected to contact 7 of level 5, or in the order of dialing up five and 
around seven# 

The upper bank in this diagram is for the 3rd wire or sleeve connection. 

This was omitted in the skeleton diagram of the switch for the sake of simplicity 

but in actual practice each switch always has 2 sets of wipers, one for the tip 
and ring and the other for the sleeve connection. These are mounted on the same 

shaft and move up and around together. 


- 4 - 

CHAPTER VII 


01 

91 

81 

71 


02 

92 

82 

72 


61 62 
51 52 
4L42 
2L 32 
21 22 
I I 12 


03 04 
93 94 
83 84 
73 74 
M 64 
53 54 
43 44 
£1 24 . 

13 14 


05 06 
95 96 
85 86 

IS 

55. 5& 
45 46 
15 56 

£151 

J 5. J6 


07 08 
97 98 

51 IS 
77 78 
67 68 
1111 
4141 
1115 
£1 £1 
17 18 


09 00 
99 90 
89 80 
12.22. 
3132 
3132 

49 40 
19 H 
£&£Q 
19 _l& 


SLEEVE 

BANK 


0 1 0 2 03 0 4 05 0 6 0 7 0 8 09 0 0 

sT 82 83 84 85 33 2L 33 31 32 

HHZlHHIIIIIIzr— LINE 
IT 62 63 P 65 66 67 6869 60 BANK 

UHHMUMUMIiM 
ITIllIilllMillESiS' 
UMMIIMiiiriliiM 
2122232423' 26 27 262920 

oiHiijim 

RP-5639 


Pig. 85 


Referring again to Pig. 84, let us assume that the subscriber operates 
the keys at the lower left-hand corner in place of a calling dial. Let us further 
suppose that the subscriber wishes to call number 74. It. may be seen that two 
wirgs f r om the subscriber’s station are connected to contact No. 1 of the fourth 
level. This indicates that the number of the calling station is 41. Also, the. 
switch shown is for the exclusive use of No. 41, each of the other stations having 
a switch for their individual use. 

In calling No. 74, the key in the vertical magnet circuit is pressed 
seven times. This sends seven impulses to the magnet, and steps the shaft up so 
that the wiper, will stop opposite the 7th level. The key in the rotary magnet 
circuit is now pressed four times, and the tfiper is stepped around to the 4th pair 
of contacts of the 7th level. This pair of contacts is connected to station No. 
74. In the same manner, number 74 may be called from any other switch in this 
100-line exchange. Each pair of contacts in one bank is multipled to the corres- 
ponding contacts throughout all the switches. 

This type of selecting switch, whose banks contain the multiples of the 
subscriber ’s lines, is called the connector switch. In actual practice, each 
connector is connected to a trunk from the selector banks instead of to an indi- 
vidual subscriber’s line. The assembled connector switch may be seen in Pig. 86. 

The selector, like the connector, is of the "up and around” type of 
switch, and the two are very much alike in appearance and operation. However, one 
of the greatest outstanding differences between them is that while both require 
dial impulses for the vertical movement of the shafts, the shaft of the selector 
rotates automatically# 
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Fig. 86 
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All the contacts of selector banks are connected to trunk lines to 
other groups of switches; the ten trunks of the first level will go to one 
group of switches, those of the second level to the second group of switches, 
and so on. At the end of the vertical motion, the wipers will pass to the 
first contacts of the level opposite, automatically. If the first trunk is 
busy, the wipers will pass over its contacts, and so on, until it reaches an 
idle trunk, where it stops. Selectors are divided into several classes as 
first, second, third or fourth selectors, but all of these are practically 
alike. The different classes are used according to the number of lines in a 
system. A frame of selector switches is shown in Pig. 87. 

If every subscriber’s line terminated in an "up and around" type of 
switch, not only the cost of an office would be increased very much, but also 
a much greater space would be required. For this reason, each subscriber’s 
line terminates individually on what is known as the plunger type non-numerical 
line switch shown mounted on the frame in Pig. 88. These switches are arranged 
in upright sections of two hundred switches - one hundred on each side. The 
switches of each upright seotion are divided into groups of different sizes, 
and ten outgoing trunk lines are provided for each group. The groups in differ- 
ent cases consist of 25, 50, 75 or 100, according to the amount of traffic they 
are required to handle. 

As may be seen from Pig. 89, each line switch is equipped with a 
plunger arm, the plunger of which is in position over the bank contacts of ten 
trunks. The plungers are kept in alignment over the contacts of an idle trunk 
by a shaft which is in turn operated by a master switch. When the receiver of 
a subscriber’s line in any group is removed from the hook, the switch of that 
line will operate, and its plunger will plunge into the bank, and extend the 
connection to the next switch. The moment the line switch plunges, the master 
switch will operate and move the plungers of all the idle line switches so that 
they will stop over the next idle trunk. The operated switch, however, will 
remain plunged in the bank, and will be picked up after it has been released 
when the shaft passes over that trunk again. The details of a line switch are 
shown in Pig. 90, and a master switch in Pig. 91. 

In Pig. 92 is illustrated a trunking scheme for an office having only 
100 lines. Each telephone is connected directly to a connector and the capacity 
of such a system is limited to 100 lines, or the capacity of one bank. Each 
telephone number has two digits. It will be observed that 11 is the f irst con- 
tact of the first row, and that 10 is the tenth contact of the first row. The 
reason for this is that when the dial is turned from "0", 10 impulses are sent 
out, therefore, dialing the digit 1 would step the connector wipers opposite 
the first' row of contacts, and the dialing the "0" would cause them to travel 
10 contacts in a horizontal direction, thus coming to rest on the 10th set of 
contacts in the first level or on the terminals of telephone number 10. 

In Pig. 93 is shown a trunking scheme to provide for 1000 lines. By 
the enlargement of the system from 100 to 1000 lines, it is obvious that some 
means of trunking must be provided to select a connector in the proper 100 group. 
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Instead of each telephone toeing connected to a connector switch as in 
the 100 line system, the telephones are now connected to selector switches. The 

selector selects a connector in the proper 
hundreds group and the connector the tens 
and units as before . This makes possible 
the enlargement of the system from 100 to 
1000 lines. 


In a 1000 line system of this kind, 
there would be 1000 first selectors. The bank 
contacts of these selectors would be multipled 
together, and from each row or level of con- 
tacts, there would be trunks to the connectors 
of each 100 group of subscribers’ lines. 


For convenience we will consider 
these trunks to be on a straight 10 percent 
basis, that is, 10 trunks from each level of 
contacts of the first selector banks to 10 
connectors in each 100 line group. 


Each telephone number of a 1000 line 
system has 3 digits. It will be observed that 
to change a 100 into a 1000 line system it is 
only necessary to terminate the lines on se- 
lectors instead of connectors and to provide 
the additional connector groups. 


Fig. 88 


Fig 


89 



- 9 - 

CHAPTER VII 



(r . P. 49 9 4-) 



- 10 - 

CHAPTER 71 I 



Fig. 91 



- 11 - 

CHAPTISR Til 




\ 




/ 


CONN. BANKS 
AS SHOWN 
BELOW 


TO 

TELEPHONES 



R.PS63+ 


CONN. BANK 

er>-tt 36 

Fig. 93 


When telephone number 125 
t is dialed, the connection is completed 
aa follows: Dialing the digit n l” 
elevates the wipers of the calling 
subscriber’s first selector up to the 
first level. The selector then auto- 
matically rotates its wipers over the 
contacts of that level until a trunk 
to an idle connector of the 100 group 
is found. Dialing the digit ’'2" 
elevates the wipers of the connector 
to the second level. The digit 5 is 
now dialed. This extends the connec- 
tor wipers to the fifth set of con- 
tacts of the second row (or No. 25). 
This connects the calling party’s 
telephone with the called party’s 

telephone No. 125. 


Fig. 92 
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To increase the number of telephones from 1000 to 10,000 it is only 
necessary to introduce 2nd selectors between the 1st selectors and connectors. 

A diagram of the trunking arrangement of a 10,000 line system is shown in Pig. 94. 

In a system of this size the first selector selects the desired thousand, 
the second selector the desired hundred, and the connector the tens and units, or, 
in other words, the desired line itself. 

Instead of the trunks from the levels of the first selectors being 
connected direct to connectors as was the case in the 1000 line system, they sure, 
in the 10,000 line system, connected to second selectors. The bank contacts of 
the second selectors are connected to the connectors. Each level of the first 
selectors represents a capacity of 1000 lines. In the 1000 line system each first 
selector level represents a capacity of 100 lines. In other words, for each group 
of selectors (firsts, seconds, eto.)» added, the capacity of the exchange (in lines) 
is multipled by ten. Each telephone number in a 10,000 line system has 4 digits. 

Each exchange is provided with special services, such as Long Distance, 
Information, Complaint, Wire Chief, etc., where an operator is in attendance. Means 
for for connecting to these is shown in Pig. 94. Dialing "O'* connects to Long 
Distance; 912, Information; 913, Complaint, etc* 

In order to reduce the number of selectors, the lineswitch was introduced. 
The lineswitch is a non-numerical switch attached to each subscriber’s line, and 
serves to conneot the line to a trunk leading to an idle connector in a 100 line 
system or an idle first selector in a larger system. 

The lineswitch consists of a line relay and a cut-off relay, such as is 
used in common battery manual practice, and a plunger which can be drawn into a 
set of bank contacts, operating them and thus connecting the subscriber’s line to 
a trunk leading to a selector switch. In other words, it makes possible the use 
of a small group of trunks by a larger group of subscribers’ lines. 

In Pig. 95 is shown Ihe trunking arrangement of a 10,000 line system 
using a lineswitch for each telephone. This lineswitch merely extends the sub- J 
scriber’s line to the first selector and it will be observed that the first digit 
from the dial operates the first selector just as it did before the lineswitch was 
introduced in the system. The normal wires are a multiple of the subscribers’ 
lines from the lineswitches to the connector banks and are comparable with the 
multiple between the answering jacks and subscribers’ multiple on manual multiple 
switchboard. 

In Pig. 96 is shown a diagram comparing step by step with manual and 
panel equipments. Each subscriber’s line is connected to a lineswitch which, as 
already mentioned, plunges in, making contact with an idle trunk when the sub- 
scriber removes the receiver from the switchhook. This extends the line to a 
selector. The first digit dialed moves this selector to the level corresponding 
with the number of impulses transmitted by the dial. The switch then automatically 
steps around until it selects the first idle trunk. As the next digit is dialed 
this performance is repeated in the same manner and so on, until the connector 
is reached. The tens and units selections are made at the connector, the tens 
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digit selecting the proper level and the units the proper line. There is not the 
close similarity of functions "between step "by step and manual equipments that there 
is "between panel and manual equipments, although the lineswitch duplicates roughly 
the operation of the "A” board in extending the line to a trunk. Prom that point 
on, the operation simulates the work of the "B" operator except that it is neces- 
sary to make several selections, in order to arrive at the particular group in 
which the subscriber's line is located. The trunking arrangement used in this 
system being on a decimal basis, requires a selector for each digit in the number 
except for the connector where the tens and units selections are made. 


CHAPTER VIII 
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In order to render telephone service between distant points, it is 
necessary to provide special equipment. Service of this kind is known as toll 
service because an extra charge is made beyond the regular local service rates. 

Certain classes of toll calls may be made from an *A" board to a "B** board, similar 
to an ordinary inter-office local call, in which case it is called an "A-B" toll call. 
Calls between separate cities or localities are known as "long distance" toll calls. 

It is the equipment required for taking care of the long distance calls 
that we are particularly interested in. The switchboards for this service are usually 
in a separate central office known as a toll office, but are similar to those used 
for local service and are designated according to the use to which they are put in 
establishing long distance connections. The first operation that takes place when a 
subscriber asks for long distance is to connect the subscriber to a recording board 
in the toll office where an operator records all the information necessary in order 
to enable other operators to complete the connection. This connection is illustrated 
in Pig. 97. 



After this record has been completed the subscriber is advised that he 
will be called back when the connection is ready. The ticket is then sent to an 
outward toll board where the operator proceeds to get in touch with the toll office 
in the town where the called party is located. The call from the operator at the 
outward board is received at an inward board in the distant toll office where the 
operator Obtains the necessary information with regard to the party desired and then 
establishes the connection to the called party over a toll switching trunk which is 
similar to an incoming trunk except that it is arranged to function with a toll cord 
instead of with an "A" cord. When the party has been located, she notifies the out- 
ward operator at the distant toll office who in turn calls back the party who origi- 
nated the call, over a toll switching trunk in a similar manner to the way in which 
the connection to the called party was established. 

In Pig. 98 is shown the complete equipment for establishing a call, and 
in Pig. 99 the circuit over which conversation takes place. In cases where there 
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are no direct toll lines to the town in which the desired party is located, it is 
necessary to establish a connection through some other town. The connection at 
the intermediate point is set up at what is known as a "through" position. The 
equipment for this position is essentially the same as that used in an outward 
or an inward position. 

A recording board is shown in Pig. 100 and an outward board in Pig. 101. 

The construction and maintenance of tell lines is necessarily a much 
more expensive proposition than that of local lines. This is due to the fact that 
longer distances are covered often through country which is sparsely populated and 
not easily reached by construction and maintenance crews. It is, therefore, impera- 
tive that all toll lines be operated at the maximum capacity and efficiency. A 
number of methods are in use which increase the number of messages per pair of 
wires that may be sent over a telephone line. 

One of the earliest methods of providing additional telephone circuits on 
existing lines is known as the "phantom" circuit. By this means 5 telephone cir- 
cuits are provided over two pairs of wires. In order to understand the operation of 
these oircuits we must understand the principle of the division of current in para- 
llel circuits. In Fig. 102 is shown a simple^ illustration of a parallel olrouit. 

It will be noted that the current divides, part going through each of the two wires 

of the parallel circuit. If the resistance of these two wires is equal, the amount 

of current flowing through each of the two wires will be equal. 

The next step in building up this scheme is shown in Fig. 103 which, from 
a circuit standpoint, is exactly like Fig. 102, except that two coils have bean 
inserted in each end of the circuit. By making these coils one pair of the wind- 
ings of a repeating coil, we have established the fundamental circuit of the phantom. 
This is shown in Fig. 104, the other two windings of the repeating coils having been 

added. A voloo current in one of the repeating coil windings will be induced in the 

winding connected to the line and reproduced in the local circuit by the other 
repeating ooil. 

We are now ready to consider a complete phantom oircuit as shown in Fig. 

105. The two pairs of wires used for the regular lines are th*. "physical" circuits, 
"L-l" and "L-2". The dotted arrows indicate the path of the current in the phantom 
circuit and the solid arrows the path of the current in the side oireuit. Voice currents 
in the side or physical telephone circuit flow in opposite directions in the two 
line wires while the voice currents due to the phantom circuit flow in the same 
direction in these wires. Since the two wires of the phantom oircuits are con- 
nected to the centers of the line windings of tho repeating coils, the ourreat 
divides.half going over one side of the line and the other half over the other, so 
that the current flowing in one winding is neutralized by the current flowing in 
the other winding, consequently there is no current induced in the winding of the 
repeating coils connected to the telephone set of the physical circuit. 

In addition to this phantom arrangement of two telephone lines, it is 
also possible to utilize the same wires for telegraphic circuits. The most conmon 
scheme is what is known as the "composite" circuit which utilizes condensers and 
retardation coils for separating the high frequency voice currents from the low 
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Fig. 106 

frequency telegraphic currents. Such a scheme is illustrated in Fig. 106. Hie 
high frequency voice currents from the telephone pass through the condenser very 
easily but do not go to ground through the telegbaph relay due to the insertion of 
the retardation coil in this circuit. With this combination, one telephone conver- 
sation and two telegraph messages can be sent over a pair of wires without inter- 



im r - 9- . lot is shown the composite circuit to which has been added the 
repeating coils required for superimposing a phantom circuit on the line. The 
number of telegraph circuits which may be provided can be doubled by so arrangirg 
the circuits that a telegraph message caa be sent in each direction simultaneously 
over each wire. This scheme is what is known as a "duplex" telegraph circuit but 
will not be taken up in detail here. 
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In Fig. 108 we have than a complete phantom and composite circuit 
duplexed, providing 3 telephone circuits and 8 telegraph circuits on 4 wires. 

7/e are now ready to consider another scheme which has been developed in 
recent years for ma iei n g even greater use of telephone lines than was possible, using 
the phantom and composite arrangement. This Is the carrier current schane. In 
this soheme voice currents are superimposed upon a high frequency current and the 
whole transmitted over the telephone wires. At the distant end the high frequency 
current is taken out, leaving the original voice current. It is possible to trans- 
mit a number of conversations simultaneously in this way by superimposing each 
voice current on a different frequency, as the various frequencies can be separated 
at the receiving and. This scheme is not materially different from the ordinary 
schaae of radio broadcasting. 

You are all familiar with the fact that various stations broadcast at 
different frequencies and that aijy station can be selected by tuning the radio 
receiving set to that particular frequency. This is the scheme that is used in 
carrier current telephone systems except that the frequencies are very much lower 
and the amount of power transmitted is very small. The hi$i frequency current 
used to superinpose the voice current on is oalled carrier current as it carries 
the voice freouency. hence the name "carrier system". 



It is also possible to use this same scheme for telagraph messages, and 
in Fig. 109 are shown two pair of wires with the 3rd telephone circuit provided by 
means of the phantom, 10 carrier telegraph channels in addition to 4 telegraph 
channels provided by means of composite circuits, making a total of 14 telegraph 
circuits. In addition, 3 carrier telephone circuits are provided which, added to 
the physical and one phantom circuit, makes a total of 6. 

The frequencies used for carrier telegraph and telephone circuits are 
of interest and are shown in Fig. 110. It will be noted that a fairly wide band 
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of frequency is allotted each carrier tele- 
phone circuit as it is necessary in order 
to prevent interference to provide a band 
which will cover practically the whole range 
of voice frequencies from the low notes to 
the high notes. In contrast, the telegraph 
channels are confined to a veiy narrow band 
of frequencies. 


TEL LI RAPH 


LEGR 

Til? 

91 


A- FOR TR/NSM/SS/ON 


IN 0/ '£ D/qECT/d\N 
OTHER 


In Fig. Ill is shown what might be 
called the evolution of a carrier telegraph 
system. It is intended to show by simple 

examples in Figs. 111-a, b, c, and d, the Fig. 110 

functions of the parts of a simple carrier 

system.. In each system the signal being transmitted is the letter "a” (dot dash) ^ 
and this signal is shown in various steps of the transmission in each system. A 
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carrier telegraph system is fairly simple as the signals are transmitted by com- 
ulete interruptions of the circuit forming the dots and dashes of the various letters. 
Telephone conversation, however, produces a variation in the signal current and neft 
a complete interruption. What we need is a device that will vary the flow of carrier 
current in accordance with the voice signal. We all understand how the resistance 
of the carbon button in a transmitter varies with the voice waves, and thus varies 
the flow of direct current in the circuit. 
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The evolution of the carrier telephone system from this fundamental 
principle to the oarrier system is shovn in Fig. 112. The fundamental telephone 
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circuit is shown in "a". In "b n an alternating current generator has been inserted 
in place of the battery so that we hare a varying alternating current Instead of a 
varying direct current. In Fig. *c H we have a circuit for accomplishing the same 
result by a little different arrangement, using local battery in series with the 
transmitter and receiver. Fig. "d" accomplishes the same thing except that the 
alternating current generator has been replaced by a vacuum tube oscillator which 
is merely another means for generating a high frequency alternating current. Another 
vacuum tube is used as a modulator which is merely a more efficient means for causing 
the high frequency alternating current to vary in response to the voice currents. 

The demodulator at the receiving end operates in the same manner as a detector tube 
in a radio receiving set for taking out the hi$i frequency oarrier current, leaving 
the voice frequency current. 

In Fig. 113 is shown some carrier equipment mounted on raoks for actual 
use in the telephone office. 

In any long distance telephone line a considerable amount of energy is 
dissipated in the line itself due to line resistance and leakage, thereby limiting 
the distance over which it is possible to carry on intelligent conversation. In 
order to extend the range over whioh telephone conversation is practical, devices 
known as telephone repeaters are inserted at certain points in a line, thus in- 


- 12 - 

CHAPTER 71 I I 



Fig. 113 




- 13 - 

c hapter mi 


creasing the range of telephonic transmission indefinitely. The essential part of 
the modern repeater is the vacuum tube and its operation as a repeater is exactly 
similar to the audio amplifying stages of the ordinary radio receiving set. 

In Fig. 114 is shown a simple diagram of the circuit used with a repeater 
bulb. The filament when heated by the current from the battery marked "A" anits 
electrons which, according to the theory, are negative charges of electricity. The 
"plate" is connected to the positive side of the battery marked "B" and the negative 
electrons are attracted to this positive plate. This action constitutes an electric 




current flowing in the plate circuit back to the filament. It was further found that 
by placing a third elanent between the filament and the plate known as tha "grid", 
and by varying the negative charge on this element, the number of electrons flowing 
between the filament and the plate could be caused to vary. This seas the natural 
thing to expect in view of the fact that, as we have already learned, magnets of unlike 
polarity attract and those of like polarity repel. Thus, the negatively charged grid 
repels the electrons which are negative charges of electricity. It was soon found that 
by varying the negative charge on the grid, the flow of electrons and the resulting 
electric current in the plate circuit would vary in exactly the same way. It was then 
a very simple matter to impress upon the grid by means of a repeating coil as shown in 
the left-hand side of the circuit, a voice current. As the voice current varied, the 
negative charge on the grid varied which produced a corresponding change in the plate 
current. The plate circuit having a repeating coil in it, produced a current in the 
output side of this circuit • It was found that a very small change in the charge on 
the grid would produce a considerable ohange in the plate current so that a very weak 
voioe current would produce a large fluctuation in the current of the plate circuit. 
This increased fluctuation of the voice currents is equivalent to adding greater 
strength to the voice currents or amplifying than. One tube will amplify the voice 
currents equivalent to the loss in about 18 or 20 miles of 'toll cable and their use 
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on toll lines has made possible the present long distance transcontinental lines. 


In Fig. 115 is shown diagramati- 
cally the amplification of a telephone 
current by means of repeaters from Boston 
to San Francisco. It will be noted that 
in this circuit the voice currents have 
been amplified 13 times at various points 
along the way. It is hard to conceive the 
enormous loss in power which takes place 
along a telephone line. The dotted line 
extending upward between Sacramento and 
San Francisco will give some. idea of the 
power that will have to be put into the 
line at Boston to give the same amount of 
power at San Francisco if no repeaters ware 
used in the circuit. The power necessary 
would be indicated at the point where this 
dotted line intersects the vertical axis. 
Actually, this will be several million kil^o 
watts - more than is delivered to the entire 
repeaters we get the desired amount of power 
at any point in the circuit exceeding a small 



Fig. 115 

earth by the sun. By the use of 
at San Francisco, without the power 
. fraction of a watt. 


In Fig. 116 is shown a typical installation of telephone repeaters. (See 


page 15.) 
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